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Thus, there is a great need for understanding possible explanatory factors 
determining the capacity of agility and the meaning of agility in physical 
functioning in middle-aged and older people. The Agility Test for Adults (ATA) 
has been developed to assess the capacity of agility more comprehensively than 
the test-retest reliability of the ATA and to quantify a clinically meaningful change 
(MDC95
measures of physical functioning.
The second study cohort consists of  
untrained adults. The magnitudes of the values identifying clinically meaningful 
changes . 
in a cohort of men aged 
66-91
The thesis provides recommendations for a reliable, responsive, and clinically 
useful measurement method of the ATA suitable for evaluating the capacity of 
agility in middle-aged and older adults. The ATA seems to be a more sensitive 
test to reveal physical disorders of a participant than the other commonly used 
mobility tests. By using responsive measures, it is possible to identify early decline 
enhancing the capacity of agility. 
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TIIVISTELMÄ
Ketteryyttä on tutkittu paljon osana urheilijoiden suorituskykyä. Nyt tarvitaan tietoa 
ketteryyttä selittävistä tekijöistä ja sen merkityksestä fyysiseen toimintakykyyn keski-
ikäisillä ja vanhemmilla henkilöillä. Aikuisten ketteryystesti on kehitetty arvioimaan 
ketteryyttä moniulotteisemmin kuin mitä aikaisimmilla ketteryystesteillä on kyetty 
arvioimaan. Tutkimuksen päätarkoituksena oli selvittää 1) Aikuisten ketteryystestin 
ketteryyttä selittäviä tekijöitä, 3) Aikuisten ketteryystestin soveltuvuutta sekä 4) 
nuoruusvuosina harjoitetun kilpaurheilun tai elämänikäisen fyysisen aktiivisuuden 
vaikutuksia fyysiseen toimintakykyyn. Toimintakyvyn, toimintarajoitteiden ja 
terveyden kansainvälistä luokitusta (ICF) on käytetty viitekehyksenä määritettäessä 
fyysisen toimintakyvyn mittareita. 
Tutkimus koostuu kolmesta aineistosta. Aikuisten ketteryystestin to-
istettavuustutkimuksessa käytettiin aineistoa, jossa on keski-ikäisiä naisia 
käytettiin kahta aineistoa, joista toisessa on keski-ikäisiä naisia (n = 149) ja miehiä 
aineistolla. Tutkimuksessa käytettiin sekä objektiivisia mittausmenetelmiä että 
kyselymittareita.
Aikuisten ketteryystesti osoittautui luotettavaksi ja vakaaksi testiksi arvioimaan 
ketteryyttä keski-ikäisillä naisilla ja miehillä. Kliinisesti merkitsevät muutosarvot 
ketteryyssuorituksissa jäivät alhaisiksi. Pituushyppy oli merkittävin ketteryyttä 
selittävä tekijä keski-ikäisillä naisilla ja miehillä, kun taas hyppykorkeus ja ikä 
miehillä. Tämä iäkkäiden miesten aineisto osoitti Aikuisten ketteryystestin 
voiman tuotto entisillä nopeusvoimaurheilijoilla kuin kestävyysurheilijoilla 
tai verrokkihenkilöillä selittynee todennäköisimmin nopeusvoimatyyppiseen 
kilpaurheiluun osallistumisesta nuoruusvuosina kuin elinikäisestä fyysisestä 
aktiivisuudesta. 
Tämä väitöskirja esittää suosituksen luotettavasta, herkästä ja kliinisesti 
käyttökelpoisesta mittarista ketteryyden arviointiin keski-ikäisillä ja 
vanhemmilla henkilöillä. Aikuisten ketteryystesti näyttäisi olevan herkempi 
arvioimaan koehenkilöiden fyysisiä toimintakyvyn häiriöitä kuin muut 
käytössä olevat ketteryystestit. Käyttämällä herkempää mittaria on mahdollista 
tunnistaa ketteryysominaisuuksien heikentyminen jo varhaisvaiheessa. Tämä 
tutkimusaineisto osoitti myös, että alaraajojen räjähtävällä voimantuotolla on 
merkittävä osa ketteryysominaisuuksien ylläpitämisessä ja edistämisessä.
Introduction
1 INTRODUCTION
Functioning refers to the human physical, psychological and social capacity 
education, leisure time activities and hobbies, and taking care of oneself and others 
this study arises from the World Health Organization (WHO) model entitled ‘The 
is one of the main indicators of mobility, and is also commonly used in clinical 
understood in untrained middle-aged people and in older persons after their 
of physical functioning to screen for early signs of declined capacity of agility, or 
The ability to successfully execute several physical tasks of daily living, such 
using public transport depends on the maintenance of muscle strength and muscle 
decreased maximal strength and explosive force production, especially in the early 
In Finland, nearly one third of adults do not regularly participate in leisure 
health. Human beings need PA at all stages in the life cycle. In adults, proper 
conceptualizing, measuring and reporting functioning [1] and categorizes outcomes 
according to 5 levels of human function: 1) ‘body functions’ describes e.g. the 
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participant including the tests of mobility, 3) ‘participation’ includes measures of 
factors’ are the demographic background factors of the individual, like age and 











Figure 1. Interactions between the components of ICF based on the WHO [1].
The physical capacity of agility forms the resources for physical functioning that 
are needed to move safely from place to place and to perform other activities of 
of agility for developing reliable measurement methods to evaluate agility and 
skill-related exercise programs to improve or maintain capacity of agility among 
untrained adults or older people. It has been found that the decline in agility begins 
for Adults (ATA) and to assess determinants of agility capacity.
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2 REVIEW OF THE LITERATURE
2.1 PHYSICAL FUNCTIONING
2.1.1 Definition of physical functioning
According to the biopsychosocial model of ICF, functioning encompasses an 
individual’s health condition, all body functions and structures, activities and 
is a positive aspect consisting of functional resources and an umbrella term for the 
health condition, a decrease in body function, structure, capacity or participation, 
and the negative aspects of an environment [1]. 
Physical functioning is not only the absence of disability. The level of physical 
functioning of a person can be described in terms of capacity and/or performance 
to carry out daily functional tasks or activities. Physical functioning also includes 
changes in body functions and/or structures arising from physical functioning. The 
impact of the physical functioning level on a person’s life can be understood by 
assessing body function as physiological function of the body, and body structure 
as anatomical parts of the body, but this level alone cannot provide information 
The assessment of physical functioning also includes components of activities 
and participation. An individual’s status of physical functioning can only be 
understood in the full context of their health condition, personal and environmental 
factors. The purpose of the assessment of physical functioning is to understand 
a person’s experience of possible disability in relation to impairments and/or in 
13
2.1.2 ICF-based description
common terminology to comprehensively delineate functioning across health 
one relationship [1]. The present study focuses on describing the level of physical 
HEALTH CONDITION 
  
      
BODY FUNCTIONS ACTIVITIES Capacity 
ACTIVITIES AND PARTICIPATION 
Performance 
Perceptual functions b156 Walking and moving d450-d469 Changing basic body position d410 
Vestibular functions b235 Agility test   Maintaining a body position d415 
Proprioceptive function b260 Running speed   Lifting and carrying objects d430 
Muscle power function b730 Changing and maintaining body position d410-d429 
Fine hand use 
Hand and arm use 
d440 
d445 
Chair stand  Chair stand  Walking Moving around  
d450 
d455 
Muscle power of lower 
extremities  Static balance  Doing housework d640 
Static balance  Walking d450 The activities-specific balance confidence (ABC) scale  
Agility  Walking speed 6.1mWT  Recreation and leisure  d920 
Muscle power function b730   Self-reported PA  
Hand grip strength      
Gait pattern functions b770     
Walking speed      
Sensation of pain  b280     
Weight maintenance function b530     
      
      
 ENVIRONMENTAL FACTORS           PERSONAL FACTORS  
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2.2 AGILITY
2.2.1 Definition of agility
changing body position through space i.e., as an ability to specify the movements 
to be accurate and rapid [33]. Ten years later, Hilsendager et al. [34] recognised 
that agility contains a variety of interrelated characteristics that constituted of 
physiological, biomechanical and advanced cognitive components. The broad 
that CODS in movement is dependent on physical functions such as speed, strength 
[44] suggested that capacity of agility should be described as movement solutions 
variety of factors, including the researcher’s professional perspective, expertise, 
science and human motion science.
2.2.2 Determinants of agility
preplanned CODS movements around cones and poles to measure the capacity of 
agility [45, 46]. This type of test has been interpreted to evaluate agility capacity 
15
the ability to change directions quickly according to a marked track [36, 38, 47].
involved change-of-direction movements around obstacles such as cones and poles. 
AGILITY
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Figure 4. Model of main determinants on the capacity of agility according to Young et al. [39].
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and to focus on potential determinants that could limit the capacity of agility. 
This model (Figure 5) outlines perceptual, cognitive, physical, and motor control 



































Figure 5. Constraints-based model of agility according to Jeffreys [42].
The above-mentioned theoretical models of agility have been developed in sport-
life. The ATA test has been developed (Study I) to assess the capacity of agility 
more comprehensively than the previously developed agility tests do among adults 
physical qualities, personal factors, content of task and factors of environment 





In fact, most tests purported to evaluate the capacity of agility are tests for CODS 
most comprehensive tests of agility.
In clinical studies, capacity of agility has been evaluated using various stepping 
assess a participant’s ability to take a quick step in one direction on to the box 
the agility tests. For this reason, the step tests could be considered appropriate 
tests of agility. Descriptions of studies evaluating relative reliability for stepping 
18
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detectable change (MDC = 3.91m) and standard error of measurement (SEM = 
of a single hop for distance, a triple hop for distance, a cross-over hop for distance 
and a 6-m hop for time that evaluate horizontal hopping functions. The test-retest 
 consists of four 
respectively [69]. Worst et al. [75] evaluated test-retest reliability of the Change of 
95 of 
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also concluded that the velocity of the participant is not important in agility, but the 
[81]. The Agility T-test is commonly used to evaluate changes of direction ranging 
athletic and nonathletic participants [83-85]. It has been demonstrated that the 
T-test is a more valid measure of straight-line running speed than capacity of 
agility [83]. Nevertheless, Cronin et al. [86] reported the validity of T-test as a 
measurement method of agility for sport. Only one study has reported values 
of MDC95 95 95 = 
centre to each of the six sides [87]. Pauole et al. [83] questioned the validity of the 
95 
the Hexagon test. The Figure-of-Eight running test (FIG8) has been described as a 
middle-aged female participants [96] and function of CODS in young male athletes 
mentioned tests of agility are presented in the table 1.
Some tests of mobility (Table 1) have been used to measure the capacity of 
agility among elderly people. The Timed Up-and-Go (TUG) has been developed 
for the evaluation of mobility and balance among frail elderly persons [98, 99]. 
2.3 MUSCLE STRENGTH 
2.3.1 Definition of muscle strength 
Human movement is produced by muscles that generate torque around the joints. 
The main function of muscle is to transform energy into mechanical energy to 
is needed to generate explosive muscle strength. The contraction rate of force 
development seems to be better related to most executions of both functional daily 
either more aerobic (type FTa) or more anaerobic (type FTb
Review of the literature
2.3.2 Determinants of muscle strength 
shortened or lengthened state than in a middle state. A muscle can generate the 
length of sarcomeres, but also the number of cross-bridges. The force generated 
movement (force-velocity curve). During eccentric function of muscle, an increase 
and the force-velocity relationships. The maximum force generated by a muscle is 
2.3.3 Changes in muscle strength associated with ageing 
factors on muscle strength. Decrease in muscle strength is dependent upon several 
factors including sex, age, muscle mass, type of muscle contraction, level of physical 
Loss of muscle strength 
with ageing 
Altered activity level of 
enzyme 




Poor nutrition and/or 
disease 
Decreased level of physical 
activity 
Changes in the nervous 
system 
Reduced number of motor 
units 
Figure 6. Multiple factors that lead to the loss of muscle strength in human ageing process [134, 135].
(type II) [134, 138], contribute to the decreased muscle mass and deteriorated 
strength [141-143] and shortening velocity [144] occurs also in healthy ageing 
due to neurological and non-muscle mass related functions in the decline of age-
other because the age-related loss of muscle strength is partially explained by the 
reduction in muscle mass. 
Age-related loss of skeletal muscle mass and changes in structural factors of 
the neuromuscular system lead to declined muscle function resulting in reduced 
generalised loss of skeletal muscle mass (sarcopenia) and strength (dynapenia) 
lead to a general impairment of physical functioning and poor quality of life, and 
even to death in older adults.
 
Age-related decline in maximal torque for the knee extensor muscles is larger for 
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important predictor of limitations for functional performance tasks such as rising 
by a reduction in muscle CSA as much as by declined voluntary neuromuscular 
2.3.4 Gender differences in muscle composition and  
 strength during ageing 
 
2.3.5 Measurement methods 
static or dynamic function of muscle strength. Maximum muscle force has usually 
been measured using various kinds of dynamometers. Hand-held dynamometry 
(HHD) [178] is a simple, inexpensive and useful method to use during clinical 
force. As the researcher holds the dynamometer against the area of the limb to be 
measured, the participant is asked to pull or push maximally for several seconds 
of a belt to stabilize the HHD can improve the reliability of measurement for 
this method is that the strength generated by the muscle can be measured only 
at one joint angle during one session of measurement at a time compared to 
the isokinetic measurement method. Normative reference values are available for 
function of knee extension for healthy older adults [186].
A method of an isokinetic [187] measure is the most commonly used in the 
measuring of dynamic strength, for example, function of knee extension or knee 
is that the body segment velocity of muscle shortening is set to a constant during 
muscle strength can be recorded either in concentric or eccentric contraction 
for contractions of the measured muscles. Some measurements of strength have 
also included rate of force development that is the ability of the measured muscles 
measure both isometric and isokinetic muscle strength as concentric torque at 
isokinetic method is safe in clinical use [191, 198] and is feasible also in frail 
isokinetic measurements include the fact that isokinetic movement seldom occurs 
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of leg extensor muscle function or capacity of explosive force by using a yardstick 
jump is used for calculation of the height of the rise of the body center of gravity 
/8. This method 
the most reliable (
method of SJ is more acceptable than the method of CMJ regarding the accuracy 
clinical practice. There are comprehensive and research informed protocols for 
r
the test-retest reliability of grip strength measures obtained by the dynamometry 
r
execute activities of daily living independently and safely. Functional capacity of 
balance and chair stands. Test-retest reliability for SPBB battery has been reported 
The European Working Group on Sarcopenia in Older People (EWGSOP) listed 
to be used clinically for the diagnosis of sarcopenia because these measures are 
appendicular skeletal muscle mass is evaluated normalized by height squared [143, 
to the need for special equipment, DXA is not an appropriate method in large scale 
to use and reproducible method to evaluate the volume of fat and lean body mass. 
Skeletal muscle mass index can be calculated as skeletal muscle mass/height
or as absolute muscle mass/height  by using BIA method.
2.4 PHYSICAL ACTIVITY
2.4.1 Definition of physical activity
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activity (CPA), miscellaneous home physical activities (MHPA), and occupational 
EE also varies from person to person, depending on age, body mass, gender, and 
activity is the most variable component of total energy expenditure (TEE) that can 
gardening, commuting and other transportation activities and the more commonly 
repetitive and purposive movements of body in order to improve or maintain one 
2.4.2 Determinants of physical activity
The dose of physical activity is dependent on mode/type, intensity (physiological 
estimated to be less accurate than measurement methods based on the energy 
or the quantity (relative intensity) of the energy expenditure over the course of 
absolute intensity, frequency, and duration resulting in the total energy expenditure 
metabolic equivalent hours. One MET can be calculated by dividing the oxygen 
uptake in ml·kg-1·min-1 by 3.5 ml· kg-1·min-1 
Compendium 
the corrected MET values evaluating physical activity of the population but not 
Intensity of physical activity can also be described in terms of percentage of 
) evaluating the intensity of relative to the maximal 
Converting the absolute data of physical activity into the relative intensity of PA 
like heart rate, can be used as an expression of intensity.
2.4.3 Measurement methods
usability, validity or accuracy. Self-report methods are more practical, but their 
The most objective measurement methods for evaluating energy expenditure as 
calorimetry are excellent indicators of energy expenditure, but the disadvantages of 
these methods are the high costs and special equipment, and they are inappropriate 
because PA is multidimensional, and no single measurement method can assess 
Self-reported methods are popular and practical for evaluating PA because 
they are relatively inexpensive and easier to use and enable collection of PA data 
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in large studies in a short time. A variety of formats for questionnaires of physical 
activity levels over a range of intervals. A daily diary or simple recall questionnaire 
of physical activity may provide an excellent screening method in practice although 
subjective methods have been estimated to be inaccurate to give a complete picture 
of an individual's physical activity. These methods include electronic or paper 
of physical activity, mastering its all domains of that, the cognitive demands of 
reported that the accuracy of self-reported PA (e.g., under- and overestimation) 
been suggested that most questionnaires have restricted value to calculate energy 
measurement method of the oxygen consumed, heat energy produced by the 
Calorimetric methods are particularly useful for evaluating energy expenditure for 
impractical methods to use in free-living conditions or in large populations due to 
involves introducing stable isotopes of both hydrogen and oxygen (usually orally 
31
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high cost of the isotopes and special equipment, there is limited usability of the 
feasible and pragmatic alternatives in measuring TEE and EE of physical activity in 
assessment for TEE and EE of physical activity but a valid method for estimating 
types of motion sensors is under development.
2.4.4 Physical activity and physical functioning
choices and the physiological, psychosocial, and environmental determinants of PA 
conceptually physical capacity that is needed to perform everyday activities and 
coordination and balance function in elderly people. PA decreases and pattern 
younger and older age groups. Any kind of PA is better than sedentary behaviour 
Aims of the study
3 AIMS OF THE STUDY
and clinical usefulness of the Agility Test for Adults in physically inactive or active 
1 To evaluate the test-retest reliability of the Agility Test for Adults and to 
men (Study I).
and subjective measurement methods, and to evaluate the feasibility of the 
ATA among male former elite athletes and their controls (Study III).
in competitive sports in young adulthood or life-long leisure-time physical 
activity on the present level of physical functioning comparing male former 
33
4 MATERIALS AND METHODS 
This doctoral thesis consists of four cross-sectional sub-studies. The Ethical 
Institution in Finland approved the study designs of the studies on healthy adult 
4.1 Participants and study design (Study I)
the agility test and to evaluate the feasibility of that. For the test-retest reliability, 
participants carried out three test sessions in a health centre department of 
physiotherapist. During the testing, all participants received identical instructions 
of errors during the test.
34
Materials and methods 
4.2 Participants and study design (Study II)
people, participants from occupational retraining courses, secondary schools, 
the study, participants should not be engaged in regular sporting activities for at 
should be middle-aged and healthy. In addition to the medical examination, the 
cardiovascular, musculoskeletal, and neurological examinations. Brochures about 
and demonstrated all the tests at the beginning of the test session. Instructions 
and stretches of muscle. Participants also carried out one training test for all tests.
4.3 Participants and study design (Studies III−IV)
once in the Olympic Games, World or European championships or intercountry 
archives of the register of men liable for military service and matched for birth 
35
long- and middle distance running), mixed sports (ice-hockey, basketball, soccer, 
to participate in the clinical study including a physical examination, laboratory 
tests, and questionnaires.
to complete the questionnaires and/or to execute the measurements of physical 
endurance athletes refused (9.3%) to participate in the second clinical test session 
their reasons for not completing the agility test. Overall data from 97 (64.7%) 
36
Materials and methods 
Table 2. Personal factors of participants (Studies I–IV). 
















Age (years) 43.3 (6.6) 42.8 (7.2)
0.776







Height (cm) 165.0 (6.0) 179.9 (7.2)
<0.001







Weight (kg) 64.7 (12.7) 82.0 (6.8)
<0.001







Self-rated health (%) 0.479 0.193
Very good or good 33.0 26.3 12.0 8.2 4.0
Fairly good 44.4 46.3 60.0 51.0 46.0
Average or fairly 
poor
28.0 40.8 50.0
Fairly poor 22.2 27.5
Self-rated fitness (%) 0.891 0.403
Very good or good 18.0 8.3 6.0
Fairly good 36.8 40.0 48.0 52.1 50.0
Average or fairly poor 46.5 43.8 34.0 39.6 44.0
Fairly poor 16.7 16.3
Values are means (± SD) and percentages. P-values compared to women (Studies I–II) and to controls 


































































































































































































































































































































































































































































































































































































































Materials and methods 
test session, participants executed agility, jumping height, static balance, and 
completed self-reported ABC-scale questionnaire. An experienced physiotherapist, 
including standardized instructions. All participants received identical instructions 
demonstrated the test and the participants could practice each test once. Breaks 
4.4 Measurements in the ICF domains (Studies I−IV)
activities (capacity) and participation (performance), and personal factors according 
4.4.1 Clinical measures of body functions
Vertical squat jump (VSJ) countermovement 
jump (CMJ)
hands on their pelvis. At the starting position for CMJ, the participant stood 
jumping and to jump as high as possible. The participant had three attempts in 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Materials and methods 
®, 
a contact mat connected to a digital timer are the most reliable and valid tests 
jumping tests. Additionally, CMJ has reported to be the most reliable test to 
Standing Long Jump (SLJ) 
to jump as far as possible. Each participant performed three jumps separated by 
adjust the scope of the hand grip according to the movement of the test and the 
size of the hand. Hand grip strength 
Body mass index (BMI)
), normal 
) [316].
The standardised Nordic musculoskeletal questionnaire [317] (Study II) 
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4.4.2 Clinical measures of activities (capacity)
8). Mobility
one location to another like squatting and sitting, as maintaining a body position, 
jumping or running [1].
Agility Test for Adults (ATA)  has been designed and developed 
positioned on the left or the right side of the median line. The participant jumped 
The participant stood behind the starting line and after getting permission he had 
data (unpublished). Every error increased the execution time of ATA by 1%. The 
Chair stand test 
Materials and methods 
participant’s safety. Its test-retest reliability has been reported as good to very good 
in most populations and settings [318]. Sainio et al. [319] have reported intra-class 
Static balance test  has been previously used in the population-
Walking speed 
recorded the number of steps taken by the participant and speed in meter per 
20 metre running test (20mRT)
Further 
- A participant had three attempts in the test of 
4.4.3 Measures of activities and participation (performance) 
43
p
questionnaires of Leisure Time Physical Activities (LTPA)
asking the average intensity, duration and frequency of the physical activities.
(intensive) on average as?
4 = running (13 MET)”
1 = less than 15 minutes
1 = less than once a month 
44
Materials and methods 
the intensity (MET), duration and frequency. 
4.4.4 Personal factors
A trained study nurse performed the physical examinations including assessment of 
height and weight 




point Likert Scale (poor, fairly poor, average, fairly good, good) [331]. In the 





formula: SEM  1.96 2 . If change is smaller than MDC95, it cannot be reliably 
interpreted as real change in the score for an individual [335]. Cronbach`s alpha 
 ICC1
and that they are relatively equal. For that reason, SPC analysis gives a more 
46
Materials and methods 
Study II
test for categorical variables. The execution times of ATA are expressed by age 
BMI, jumping height, jumping length, and running speed. The results of those 
Study III
done using pooled data of the participants (n = 97) in order to compute variance in 
47
Study IV




5.1 Consistency of the Agility Test for Adults 
(Study I).
s among both study groups also 
indicated good relative reliability. 
generally found to be high. 
95 for the same-day and 
scores for both interval comparisons appeared evenly above the zero point. The 
s
The SEMs for ATA 
in men. The SEMs
Based on the sensitivity analysis, the ability to detect small changes of execution 
The minimal detectable change provides an estimate of the magnitude of the 
change found (responsiveness) in the reliability data for the ATA test. In the same-
day executions, the MDC95 
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ATA need to be at least one second before a real change, rather than a change in 
Table 3. Results of repeatability measures, SWC and MDC95 for the ATA test (s) with continuous test 
variables (Study I).




original time  0.93 (0.83–0.97) 0.59 ± 2.33 0.23 4.71 0.24 0.64
adjusted time 0.91 (0.80–0.96) 0.64 ± 2.54 0.27 4.78 0.26 0.76
One-week
original time 0.95 (0.88–0.98) 0.78 ± 2.25 0.18 5.73 0.23 0.51
adjusted time 0.94 (0.87–0.98) 0.84 ± 2.34 0.20 5.98 0.24 0.56
Men 
Same-day
original time 0.95 (0.89–0.98) 0.40 ± 1.71 0.14 4.29 0.17 0.37
adjusted time 0.95 (0.89–0.98) 0.41 ± 1.69 0.13 4.27 0.17 0.37
One-week
original time 0.94 (0.85–0.97) 0.58 ± 2.04 0.19 5.07 0.21 0.52
adjusted time 0.94 (0.86–0.97) 0.58 ± 2.03 0.19 5.02 0.21 0.51
ICC = Intra-class Correlation Coefficient; CI = Confidence Interval; LOA = Limits of Agreement; SEM = 
Standard Error of Measurement; CV = Coefficient of Variation; SWC = Smallest Worth While Change; 
MDC95 = Minimal Detectable Change at 95% confidence interval.




Table 4. Distribution of agility, running speed, jumping height and length, BMI, pain in lower extremities 
and LTPA among women and men (Study II).
Women Men P-value
Agility (s) 14.8 (3.1) 15.6 (3.0) 0.060
20mRT (s) 3.6 (0.4) 2.9 (0.3) <0.001
VSJ (cm) 18.7 (4.1) 27.6 (4.9) <0.001
SLJ (cm) 165.7 (22.4) 225.5 (25.3) <0.001
BMI <0.001
normal weight (%) 64.8 22.8
overweight (%) 26.1 58.2
obese (%) 9.2 19.0
Pain in lower limb (%) 26.4 17.5 0.131
Leisure time physical activity 0.046
LTPA (%) 81.3 91.3
No LTPA (%) 18.8 8.8
Values are means (± SD) and percentages. P-values compared to women.








in executed time of agility (p p
p
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Table 5. Determinants of agility (Study II).
Predictor beta SE beta p-value ModelR2 Model
Agility in women (n = 106) 
Age 0.13 0.03 0.003
Self-rated health 0.031
good -1.94 0.87
fairly good -0.46 0.87
fairly poor *0.00 0.146 0.001
Jumping length -0.07 0.01 <0.001 0.246 <0.001
Agility in men (n = 66)
Age 0.10 0.04 0.012
LTPA 0.031
yes -2.54 1.15
none *0.00 0.141 0.006
Jumping length -0.04 0.01 0.001 0.153 0.001
Model 1 shows the contribution of personal factors and self-report physical activity (LTPA) as predictor 
variables for agility among both genders. Model 2 indicates the results after entering jumping height, 
jumping length and running speed to the Model 1. 
*Reference category. P < 0.05 statistically significant.
total variance in executed times of agility explained by age (p
health (p p
jumping height (p p
p









Table 6. Determinants of agility (Study III).
Predictor beta 95% CI p-value ModelR2 Model
Agility 
Age 0.40 0.18 0.62 0.001
Height -0.14 -0.34 0.06 0.176
BMI 0.18 -0.01 0.37 0.064
Self-rated health 0.44 0.04 0.84 0.031
Self-rated fitness -0.10 -0.48 0.27 0.588
LTPA -0.04 -0.23 0.16 0.704 0.172 P < 0.001
Agility 
CMJ -0.47 -0.68 -0.26 < 0.001
Hand grip -0.05 -0.25 0.15 0.620 0.194 P < 0.001
Agility
ABC scale -0.34 -0.63 -0.04 0.025
Static balance -0.07 -0.27 0.13 0.503
Chair stand -0.01 -0.34 0.32 0.943
Walking speed -0.17 -0.46 0.13 0.265 0.046 0.080
Agility 
Age 0.26 0.05 0.47 0.016
ABC scale -0.16 -0.43 0.11 0.240
CMJ -0.36 -0.56 -0.15 0.001
Self-rated health 0.25 -0.04 -0.54 0.095 0.264 P < 0.001
BMI, body mass index; LTPA, leisure-time physical activity; CMJ, countermovement jump; ABC scale, 
Activities-specific Balance Confidence scale. P < 0.05 statistically significant.
5.3 Feasibility of the Agility Test for Adults
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5.4 Level of agility, muscle strength and  
 leisure time physical activity
(3.4) kg/m p
controls both in 1985 (p p
p
of ATA than the controls had (
athletes than in the controls (  
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Results
Table 7. Distribution of body composition, blood pressure, glucose and lipidmetabolism, and self-







BMI (kg/m2) 24.9 (3.5) 0.150 28.0 (3.7) 0.003 25.9 (3.4)
Waist circumference (cm) 94.1 (10.2) 0.097 99.6 (11.9) 0.305 97.4 (9.7)
Fat percentage (%) 23.7 (6.2) 0.438 26.6 (5.4) 0.097 24.7 (6.0)
Lean body mass (kg) 56.8 (5.6) 0.271 61.4 (9.3) 0.026 58.0 (5.3)
Systolic BP (mmHg) 141.5 (22.2) 0.426 144.8 (19.5) 0.992 144.9 (19.7)
Diastolic BP (mmHg) 79.1 (9.4) 0.858 80.5 (9.1) 0.542 79.4 (8.5)
Total cholesterol (mmol/l) 5.2 (0.9) 0.025 5.0 (0.9) 0.392 4.8 (0.9)
LDL cholesterol (mmol/l) 3.3 (0.8) 0.012 3.0 (0.7) 0.249 2.9 (0.8)
HDL cholesterol (mmol/l) 1.4 (0.3) 0.640 1.3 (0.4) 0.665 1.4 (0.3)
Triglycerides (mmol/l) 1.2 (0.4) 0.498 1.3 (0.4) 0.688 1.2 (0.5)
Fasting plasma glucose (mmol/l) 6.1 (0.5) 0.377 6.4 (1.3) 0.520 6.3 (0.7)
2-hour plasma glucose (mmol/l) 7.1 (2.2) 0.020 7.7 (2.4) 0.245 8.4 (3.0)
Fasting serum insulin (μIU/ml) 75.3 (11.7) 0.281 84.8 (16.4) 0.013 77.9 (11.5)
Past LTPA volume (MET-h/week) 45.7 (48.0) < 0.001 35.4 (35.0) 0.030 15.7 (25.6)
Current LTPA volume (MET-h/week) 43.2 (34.5) < 0.001 26.1 (23.9) 0.361 18.9 (15.1)
Unadjusted data expressed as means (± SD). P-values compared to controls. BMI, body mass index; 
BP, blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; Past (1985) and current 







































































































































































































































































































































































































































































































































































































































young adulthood or life-long leisure-time physical activity on the present level of 
95 of repeated ATA executions 
for three months or type of sports in the cohort of men aged 66-91 years.
85 years old. The results of this study also suggest that the ATA seems to be more 
sensitive to reveal physical disorders of a participant than the other commonly 
used mobility tests. 
not former elite endurance athletes, had better age- and BMI-adjusted executed 
times in agility than the controls. 
p
athletic groups and the control group. 
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6.2 Consistency of the Agility Test for Adults
The ATA has been designed and developed (Study I) to evaluate the capacity of 
agility more comprehensively than previously used agility tests do. Based on a 
studies. 
reliability for the ATA (Study I). Based on the original and adjusted executed 
s 
CIs (relative reliability) and s, SEM 
than participants of this study (Study I). 
variability in the executions of participants. The SEMs s for the ATA varied 
The variation represented by standard error of measurements comes from several 
sources, but the main source is usually biological function [343]. Personal factors 
short and long intervals in this study. It has been recommended to extend the 
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Discussion
context, this study compared SEMs s resulting that the sensitivity of the 
evidence that the ATA test has a good ability to detect real changes in the capacity 
important changes over time [344]. Minimal detectable change (MDC95) (or 
95 of 
in clinical practice or in future studies. It is important for clinicians and physical 
In summary, ATA is simple, quickly executed and not too physically demanding. 
execution of ATA requires the speed and accuracy of movements (e.g. strength, 
information), performance technique (e.g. foot placement) and ability for quick 
The essentials of ATA are accuracy and speed of movement. The term ‘accurate’ 
controlling movements to minimize errors. For these reasons, ATA can be 
considered an appropriate method for screening early signs of the declined agility 
by MDC95
training focused on agility. The acceptable test-retest reliability of the ATA found in 
the present study indicates that it is suitable for both clinical practice and research 
in untrained adult people.
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6.3 Determinants of capacity of agility 
evaluated among young, athletic or regularly exercising college-aged participants 
giving tips to plan the content of exercise session or to choose adequate methods 
for rehabilitation improving or maintaining the capacity of agility focused on adult 
softball players and suggested that the smaller-sized athletes excel in the variables 
of speed and change of direction (CODS). It is important to note that cognitive 
functions are absent in the CODS test, thus this kind of test and the ATA are not 
that of previous research evaluating physically active men [8]. 
capacity of agility. It can be suggested that the neuromuscular function declines 
Discussion
The decline of the agility characteristics seems to begin at the age of forty in 
and regularly among men (Study II, Table 3). Contrary to our results, it has been 
more complex motor skill than jumping or running.
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previous studies [7, 8, 38] even though they studied young athletes or regularly 
fairly inactive or moderately physically active adult people. The older age and 
agility due to lack of characteristics needed in the ATA, e.g. foot placement, accuracy 
of movement and particularly to the cognitive components. Previous studies have 
ended up in a similar conclusion [7, 11, 39].
strengthen the assumption that ATA requires also other physical and cognitive 
does not play an important role in agility in this population. Physical inactivity 
in the ageing process could be linked also to the decline in the capacity of agility.
been reported in young athletes, but limited information is available on explanatory 
factors determining the capacity of agility in older persons after their athletic career. 
Based on previous studies, one may expect that vigorous physical activity during 
childhood and young adulthood may help individuals to stand up to age-related 
Discussion
former elite athletes and their matched controls (Study III).
an important role in the capacity of agility among both the athletic and the control 
in young people engaged in team sports [7, 11] and in physically active older adults 
similar, regardless of the sport, the age of the participants or the level of physical 
Also, explosive movement, as vertical jump requires that participant generates 
the controls. 
age on agility could be a result of decline in the physical and cognitive functioning 
is supported by previous studies of age-related changes in neuromuscular system 
356]. The decrease in the physical capacity of the elite athletes begins after the 
function could be one of the key mechanisms to execute the ATA successfully. 
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groups in the agility test. 
cognitive functions rather than by strength functions alone both in male and female 
imply to react quickly and accurately in response to external stimuli [39, 359]. In 
are not directly proportional to former elite athletes and their matched controls. 
variance in the capacity of agility. After entering z-scores of those variables into 
 
(p p
of previous physical activity during three months or types of sports in the cohort of 
men aged 66-91 years. Overall, the strongest independent variables, i.e., jumping 
explain about one-quarter (p
of competitive training and racing, other personal factors or body functions did 
elderly men. 
previously in elderly men aged 66–
functions that reliably predict the execution of agility could improve rehabilitation 
strategies to identify early signs of declined agility or monitor changes in the capacity 
of training the capacity of agility using explosive movements e.g., ball games or 
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Discussion
been assessed as an important predictor of limitations for functional performance 
There are mobility tests that have been used to measure agility in adults 
and older people. The Timed UP-and-Go (TUG) test has been developed for the 
evaluation of mobility and balance (as strength and gait stability) among frail elderly 
persons [99] even though TUG has also been used to measure agility, but may 
into Changes of Direction and Speed tests (CODS) since it lacks e.g. cognitive 
adults. TST is developed to assess a participant’s ability to take a quick step in 
common every day stepping in real life. In fact, they are suitable for evaluating 
are not multidimensional enough to evaluate the functions required by ATA test 
among middle-aged or older people. 
The evaluation of physical functioning is crucial in physiotherapy. Nevertheless, 
to evaluate the capacity of agility and to evaluate the determinants of agility in 
a unique dataset consisting of former elite athletes and their controls in their 
potential physiological or psychological mechanisms for capacity of agility are 
functions required to independently and safely execute activities of daily living 
ongoing movements by processing available visual, vestibular and somatosensory 
information (as in execution of agility) to avoid obstacles on the ground. These 
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living for example to avoid falls and stumbles among people of all ages. 
6.4 Feasibility of the Agility Test for Adults
to execute other mobility tests (Study III, Table 3). The Chair Stand test evaluates 
larger standard deviations in mobility tests and in the ABC scale than participants 
6.5 Level of agility, muscle strength and  
 leisure time physical activity
activity during young adulthood had higher BMI than their matched controls. 
had highest body mass index have probably had bigger risk for joint disabilities, 
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Discussion
observed and also previous studies have found a bigger risk for joint disabilities 
limbs in old age due to competitive sport participation at a young age [371, 379]. 
knee or hip joints, poor vision and neurological disorders, reduced the number of 
successful agility, jumping and static balance executions more than executions of 
the other physical tests among participants. These disorders impaired more the 
that ATA could be more sensitive to reveal physical disorders of a participant than 
the other used mobility tests. 
maintain a relatively high level of mobility across the lifespan. The same kind of 
physical functions and characteristics are required also in execution of agility. The 
capacity of agility has been described as a versatile skill consisting of a variety 
the study groups of this age. The ATA has been focused on cognitive function 
demanding quick perception and decision making to choose accurate movement 
vestibular, and sensomotoric information is a prerequisite for a successful execution 
focused on creating complex agility tests that also include cognitive or decision-
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be partly explained by the above-mentioned biological and physiological factors 
of the neuromuscular system. On the other hand, various biological mechanisms 
and in the control of dynamic movements. Focusing exercises on high-velocity 
in older people.
leisure time physical activity. The current assumption is supported by previous 
studies that have reported a history of training and competitive sport attenuating 
ageing better than upper limbs among master athletes [388].
Neither the objective test of mobility, hand grip strength nor self-reported 
able to take part in this study. Second, the execution of the other physical tests 
used does not require such demanding motor functions as the capacity of agility 
or jumping. 
6.6 Physical functioning in regard to  
 the ICF classification 
to create measurement standards. The ICF can be very helpful in clarifying the 
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Discussion
multiple sectors, such as health care, health policy, education, statistics, institute 
population health and to produce important information about functioning for 
health care suppliers and for the planning of health care and services [394, 395]. 
In all areas of health care and rehabilitation, researchers and clinicians need valid 
and reliable data about status of physical functioning in order to make informed 
decisions, to develop and monitor interventions and to improve or maintain 
6.7 Strengths and weakness of the study
In this study, reliability of the Agility Test for Adults by means of relative 
There is no consensus ‘gold standard’ to measure agility. An agility test similar 
the ATA test. The criterion validity could not be established in this study.
repeated information of physical activity, health, and physical functioning from 
general population because they are probably a genetically and biologically selected 
The current study does not have information on the physical activity level of 
MET values remained stable, but the physiological meaning of MET values depends 
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accelerometer, and evaluation of body composition by using BMI rather than 
to divide the study population in our study.
The conversion of information from leisure time physical activities used in 
Unfortunately, this study did not include former elite athletes of ball games because 
anticipation or decision-making functions, do not develop capacity of agility to 
same extent as e.g. ball games. 
The osteoarthritis of knee or hip joints, poor vision and neurological disorders 
reduced the number of successful agility, jumping and static balance executions 
more than executions of the other physical tests among participants (Studies III-
the ATA due to the abovementioned conditions provides information on capacity 
of functions needed to execute the ATA successfully. Other selective factors 
and controls, selection bias seems to be less probable. 
out all measurements. 
Conclusions 
7 CONCLUSIONS 
the Agility Test for Adults and to indicate the determinants of agility capacity in 
untrained middle-aged people. The study determined the minimal detectable 
among physically inactive or active middle-aged people. It seems that BMI 
does not play an important role in agility. 
regardless of previous physical activity for three months or type of earlier 
competition sports. The four strongest determinants (jumping height, age, 
about one-quarter of the agility capacity in this elderly study group. It can be 
suggested that the athletes’ self-reported average physical activity or career of 
competitive training and racing, other personal factors or body functions did 
among elderly men. According to this data, ATA could be used among relatively 
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age groups. Neither the other objective tests of mobility, hand grip strength, 
study groups. The present study categorized determinants of agility by ICF. 
using responsive measures, it is possible to identify early signs of the declined 
agility characteristics in order to plan suitable exercise programs focused to 
maintain or improve the capacity of agility.  
Future directions 
8 FUTURE DIRECTIONS 
Agility is one of the basic functions of physical functioning required to safely execute 
assessing the determinants of agility among middle-aged and older people. In the 
future, the capacity of agility and the meaning of agility in physical functioning 
matched controls. Furthermore, the validity of the ATA should be determined.  
Findings of this study strengthen the opinion that the ATA also demands other 
in explaining agility results may be relatively great in the unexplained factor group. 
and the tests of cognitive and decision making function. 
The physical activity questionnaires employed in this study could be directly 
accurate tools for evaluating the intensity and the volume of total physical activity 
and its subcategories in clinical settings is required. Then it is possible to clarify 
and/or activities and exercise history.
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